In 3 experiments, young and older adults studied lists of unrelated word pairs and were given confidencerated item and associative recognition tests. Several different models of recognition were fit to the confidence-rating data using techniques described by S. Macho (2002 Macho ( , 2004 . Concordant with previous findings, item recognition data were best fit by an unequal-variance signal detection theory model for both young and older adults. For both age groups, associative recognition performance was best explained by models incorporating both recollection and familiarity components. Examination of parameter estimates supported the conclusion that recollection is reduced in old age, but inferences about age differences in familiarity were highly model dependent. Implications for dual-process models of memory in old age are discussed.
Dual-process models of memory posit two processes, recollection and familiarity, that subserve recall and recognition (e.g., Atkinson & Juola, 1974; Hintzman, 1986; Humphreys, Bain, & Pike, 1989; Jacoby, 1991; Mandler, 1980; Raaijmakers & Shiffrin, 1992; Yonelinas, 1994 Yonelinas, , 1997 . Although the core assumptions of these models differ in some respects (see Yonelinas, 2002 , for a review), they generally characterize recollection as conscious or intentional in nature, as attention demanding, and as slow in rise time, whereas familiarity is thought to be unconscious, relatively automatic, and recruited more rapidly. In most dual-process models, recollective processes involve conscious remembering of particular aspects of a prior episode, such as perceptual details, spatial or temporal information, the source of information, or thoughts and feelings that accompanied the episode. In addition, and of particular importance for the studies that we report here, familiarity is thought to dominate in recognition of single items, whereas associative recognition, in which pairs of words studied together must be discriminated from pairs whose constituents were studied with different partners, requires recollection (Kelley & Wixted, 2001; Rotello & Heit, 1999 , 2000 Rotello, Macmillan, & Van Tassel, 2000; Yonelinas, 1997) .
Adults over 60 years old show age-related declines in memory on recall and recognition tasks (Light, 1991; Light, Prull, La Voie, & Healy, 2000; Salthouse, Fristoe, & Rhee, 1996; Zacks, Hasher, & Li, 2000) . Several lines of evidence suggest that these decrements arise from reduced efficiency in recollection, with relative preservation of familiarity-based mechanisms. We begin with a summary of findings in support of this proposition, continue with a short discussion of models of recognition, and then report three experiments that provide new evidence about recollection and familiarity in old age based on receiver operating characteristics (ROCs) for item and associative recognition memory judgments.
Impaired Recollection and Preserved Familiarity Processes in Old Age
Although it is unlikely that any measures of memory are process pure (Jacoby, 1991) , it is reasonable to assume that recollective processes that depend on contextual information are most heavily involved in recall, with recognition (or at least item recognition) having a larger familiarity component. This leads to the prediction that, on average, recall should show greater age-related deficits than item recognition, a prediction supported by the ordering of effect sizes in meta-analyses (e.g., La Voie & Light, 1994; Verhaeghen, Marcoen, & Goossens, 1993) . Older adults also have poorer memory for contextual information, even when item recognition is held constant (e.g., Chalfonte & Johnson, 1996; Kliegl & Lindenberger, 1993; Schacter, Osowiecki, Kaszniak, Kihlstrom, & Valdiserri, 1994; Spencer & Raz, 1995) . Similarly, associative recognition shows an age difference, even when recognition of individual items in young and older adults has been equated (e.g., Light, Patterson, Chung, & Healy, 2004; Naveh-Benjamin, 2000; NavehBenjamin, Hussain, Guez, & Bar-On, 2003) .
Findings from other paradigms also provide converging evidence that aging is accompanied by impairment of recollection and relative sparing of familiarity (see Light et al., 2000 , for a review). For instance, after studying lists of items associated semantically or phonologically with target concepts or words, older adults have higher false-alarm (FA) rates in recognition and higher intrusion rates in recall for the nonpresented targets than do young adults-a form of memory illusion (e.g., Balota et al., 1999; Koutstaal & Schacter, 1997; Norman & Schacter, 1997; Tun, Wingfield, Rosen, & Blanchard, 1998) . Jacoby (1999) reported an ironic effect of repetition on recognition memory in young and older adults. After seeing a list in which words appeared one, two, or three times and then hearing a second list of words, participants took a recognition test on which they were asked to respond "old" only to previously heard words. For young adults, exclusion of seen words improved as a function of repetition, but the opposite was true for older adults, implicating an age-related deficit in the use of recollection to oppose enhanced familiarity produced by item repetition. Young adults show effects of repetition in associative recognition like those of older adults when required to respond before a deadline short enough to prevent recruitment of recollective processes . Similar effects of repetition and deadline have been found for the Deese/Roediger-McDermott memory illusion task (Benjamin, 2001; Kensinger & Schacter, 1999) . A related effect of spaced versus massed repetition has been found by Benjamin and Craik (2001) -spacing two presentations of an item rather than massing these led young adults to correctly endorse the item more often when asked to recognize it and to reject it when instructed to exclude it. Older adults and young adults responding under time pressure did not benefit from spaced repetition when asked to exclude items, presumably because familiarity is less well opposed by recollection in older adults and by young adults under time pressure.
The studies described above provide strong qualitative evidence for the dissociation of recollection and familiarity by age. In addition, two strategies have been used to obtain quantitative estimates of the contributions of recollection and familiarity to memory in young and older adults. These are the processdissociation (Jacoby, 1991) and remember/know procedures (Gardiner, 1988; Tulving, 1985) . In the process-dissociation procedure, estimates of recollection (R) and familiarity (F) are obtained by contrasting inclusion tasks where recollection and familiarity contribute to performance and exclusion tasks in which successful performance requires using recollection to oppose familiarity. In the remember/know task, participants are asked to make a second decision-remember or know-based on the conscious experiences that led to the positive response. A remember response is given when elements of the original study episode are recollected. A know response is given when study-phase contextual details cannot be retrieved but the test item feels sufficiently familiar to warrant an "old" judgment. This procedure measures states of awareness rather than processes mediating these states, but proportions of remember and know responses are often treated as relatively pure measures of recollection and familiarity .
Two recent meta-analytic reviews have addressed claims that recollection and familiarity estimates obtained from processdissociation and remember/know procedures show age sensitivity and age invariance, respectively (Light et al., 2000; Yonelinas, 2002) . Estimates from the process-dissociation procedure show the expected pattern, with (often sizable) age differences in R and age constancy in F being the rule (Light et al., 2000; Yonelinas, 2002) . Light et al. (2000) took unweighted means from 10 studies of estimates of R and K derived from hits and FAs and found the anticipated outcome for R (an age difference favoring the young) but a slightly increased value of K for older adults. The remember/ know task assumes that R and K reflect mutually exclusive states of consciousness. recommended dividing the familiarity estimate K by (1 -R) to provide a correction for independence. Using this correction, Light et al. found age effects favoring the young for both recollection and familiarity. Yonelinas (2002) suggested that the finding of reduced familiarity estimates in the old is due to a ceiling effect. When studies were partitioned into those with estimates of R below .60 and those with estimates of R above .60, familiarity estimates were more similar across age for the first class. However, examination of the tabled values in Yonelinas's review reveals that for remember/know studies with R estimates below .60, 1 had identical F estimates for young and old, 1 had a higher F estimate for older adults, and 4 had larger F estimates for young adults. For the 6 studies with R estimates above .60, 5 had F estimates that were larger for the young group, and 1 showed a reversed pattern. Overall then, in the 12 studies for which estimates were reported, the F estimates were lower in the older group in 9, higher in the older group in 2, and tied in 1. We believe that this pattern of results is best interpreted as showing that the remember/know paradigm yields lower estimates of both R and F in older adults. 1 We do not find this conclusion altogether surprising. Know judgments, like remember judgments, assign items to the category of recently studied material. At some level, then, both may tap recollection, though know judgments represent an absence of detailed information about acquisition. By this account, know judgments would not yield pure estimates of familiarity in the absence of recollection and consequently would not necessarily show stability across age.
In the three experiments reported here, we utilized a third method of obtaining quantitative estimates of familiarity and recollection. The experiments used an associative recognition task in which participants studied lists of word pairs and were then tested using three different types of word pairs. Intact pairs had appeared in a previous study list and were to be accepted as "old." New pairs that consisted of two unstudied words and rearranged pairs that consisted of two words that had appeared in the previous study list, but with different partners, served as distractors and were to be rejected as "new." In Experiment 3, participants were also tested using an item recognition task in which single words from studied pairs were to be accepted as "old" and unstudied words were to be rejected as "new." For the item and associative recognition tasks, participants rated how confident they were that a word was old or a word pair was intact on a 6-point scale. The rating data were fit with several models of recognition memory, and the ability of these models to reproduce the empirical data was evaluated. We also examined parameter estimates to test hypotheses about agerelated differences in familiarity and recollection. Before moving on to the experiments, we describe the models to be examined and our approach to modeling the data.
Models of Item and Associative Recognition Memory
Models of item and associative recognition judgments vary in their assumptions about component processes and the relationships among these processes. Parameters estimated from a particular model represent quantitative characteristics of the hypothesized processes (e.g., familiarity and recollection, item and associative information) seen through the lens of that model. Consequently, interpretation of age differences in item and associative recognition depends on the model selected to describe performance. There is at present considerable debate as to how best to model both item and associative recognition data. Rather than committing in advance to a single model, then, we fit a range of models with differing assumptions about the nature and contribution of component processes to recognition memory. Our primary goals were to determine whether all models that postulate a role for recollection generate estimates of the relevant parameters that favor young adults over older adults (as would be predicted from our literature review), to see whether models that incorporate familiarity processes of one kind or another yield estimates of these processes that also vary with age, and in general to evaluate the effect of model selection on conclusions drawn about age differences in component processes.
The Appendix lists the models that were examined and the parameters estimated for each. At one end of the spectrum is the unequal-variance signal detection theory (UVSDT) model. In this model, the target and distractor distributions are assumed to be Gaussian in nature, and recognition judgments arise from an assessment of whether a test probe's strength of evidence (familiarity) exceeds some criterial value. The parameters estimated by this model include two familiarity parameters, dЈ I/N and dЈ R/N , representing the mean differences between the two old (intact and rearranged) distributions and the new pair distribution (standardized to the new distribution). Note that the signature for good associative recognition in this model would be high dЈ I/N together with low dЈ R/N . In addition, the ratio of the variance of old items (both intact and rearranged pairs) to new items was estimated as I,R/N . For ROCs based on hits and FAs in single word recognition, the UVSDT model (without dЈ R/N ) is widely believed to provide the best description of ROC data (e.g., Glanzer, Kim, Hilford, & Adams, 1999; Heathcote, 2003 ; but see below). Estimates of for single word recognition are usually in the neighborhood of 1.25; equivalently, the z-transformed slope (1/) is about .80 (Ratcliff, Sheu, & Gronlund, 1992 ). The UVSDT model also provides a good fit for intact/new ROCs from associative recognition tests (e.g., Kelley & Wixted, 2001; . It predicts curvilinear ROCs, with asymmetry around the minor diagonal reflecting the greater variability of the target distribution.
At the other end of the modeling spectrum is the two-highthreshold model. Here, positive recognition judgments arise when test-item strength exceeds some threshold value. As suggested by its name, the two-high-threshold model suggests that two recollective processes (or states) operate in recognition. The first is a recall-to-accept process (R O ) that involves recollection of specific details of the prior occurrence of a test probe to determine study status; recall to accept is assumed to operate only on intact pairs on associative recognition tests. The second is a recall-to-reject process (R N ) that involves recollection that lure items are new; in associative recognition, each member of a rearranged lure pair may be used as a cue for its studied pair mate. In its traditional form, the two-high-threshold model predicts linear operating characteristics with intercepts that diverge from their (0, 0) and (1, 1) intercepts. Intact/rearranged ROCs from associative recognition are often described as linear in nature (consistent with the two-highthreshold model) or at least as more linear than intact/new ROCs (e.g., Kelley & Wixted, 2001; Yonelinas, 1997 Yonelinas, , 2001 ). However, when we used the approach taken by Yonelinas, Dobbins, Szymanski, Dhaliwal, and King (1996) to model fitting, we found that the two-high-threshold model gave a much less good account of intact/rearranged ROCs from 13 published studies when pitted against three models that predict curvilinear functions for these ROCS (the UVSDT model and two versions of Yonelinas's dual-process model varying in number of recollection parameters).
2 Interestingly, the two-high-threshold model can produce curvilinear operating characteristics nearly indistinguishable from signal-detection models if recollectionbased responses can be assigned to any response category, rather than just the strongest confidence ratings (Malmberg, 2002 ; see also Erdfelder & Buchner, 1998) .
There is considerable behavioral evidence that both recollection and familiarity have a role in recognition decisions (e.g. Arndt & Reder, 2002; Hintzman & Curran, 1994) , especially when test items are pairs that can contain both item and associative information (Cleary, Curran, & Greene, 2001; Kelley & Wixted, 2001; Light et al., 2004; . Yonelinas and his colleagues (e.g., Yonelinas, 1994 Yonelinas, , 1997 Yonelinas et al., 1996; Yonelinas, Regehr, & Jacoby, 1995) have proposed a dual-process signal detection theory model. Within the framework of this model, associative recognition is a within-task opposition procedure; intact pairs represent to-be-included items that benefit from both recollection and familiarity, whereas rearranged pairs represent to-be-excluded items with recollection needed to oppose item familiarity. As in the two-high-threshold model, R O and R N rep-resent the probabilities of recall to accept and recall to reject.
3
Decisions about the status of old test items that are not recollected and new test items that cannot be recollected are based on assessment of familiarity, modeled as an equal-variance signal-detection process. This dual-process equal-variance (DP-EV) model accounts for aspects of associative recognition ROCs such as lower y-intercepts that often diverge from the (0, 0) origin and curvilinearity that is often not quite what has been predicted by the UVSDT model (see Yonelinas, 2001 , for a discussion). We included both the DP-EV model and a dual-process unequalvariance (DP-UV) model in which I,R/N was estimated rather than fixed at 1.
In the DP-EV and DP-UV models, only the most extreme confidence ratings (6 for intact pairs and 1 for rearranged pairs) can be assigned to recollection-based responses. We also examined a dual-process model in which recollection-based responses can be distributed across confidence judgments (4, 5, or 6 for intact pairs and 1, 2, or 3 for rearranged pairs). This hybrid model is a multinomial processing tree signal detection theory (MPTSDT) model (Macho, 2002 ) that includes familiarity, estimated by dЈ I,R/N , and two recollection parameters, R O and R N , as well as estimating the distribution of recollection responses across confidence levels. An important difference between this model and the DP-EV and DP-UV models is that, unlike them, it does not contain a rearranged/new distribution. Rather, intact and rearranged pairs are assumed to have equal familiarity, and discrimination of the two pair types depends solely on recollection (but see Yonelinas, Kroll, Dobbins, & Soltani, 1999) . In Macho's (2002 Macho's ( , 2004 application of the MPTSDT model, only a single recollection parameter was estimated. We estimated both R O and R N so that the separate contributions of recall to accept and recall to reject could be evaluated as in the other dual-process models under consideration.
The recollection-based models discussed thus far treat recollection as threshold in nature. Kelley and Wixted (2001) , however, proposed that associative information is continuous. Their someor-none (SON) model incorporates three normal distributions representing new items, item information, and associative information. In this model, recognition decisions are based on item familiarity incremented or decremented by associative familiarity. For intact pairs, associative information (with probability R O ) is added to item information to yield a single strength-of-evidence variable. For rearranged pairs, associative information is subtracted from item information (with probability R N ). As a consequence of adding associative information to or subtracting it from item information, the decision variable is predicted to have ASSOC greater than 1. We examined fits of both equal-and unequalvariance SON models to our data. Macho (2004) fit a number of models to pooled associative recognition data from both Yonelinas (1997, Experiments 1-3) and Kelley and Wixted (2001, Experiments 1-3) . Among the models examined by Macho for Yonelinas's data were the DP-UV (which he referred to as the two-high-threshold signal-detection model) and the SON models. Because Yonelinas argued that recall-toreject processes are rarely used and because his first experiment was designed to reduce the usefulness of this strategy, the DP-UV model fit by Macho included only R O , with R N ϭ 0. For Experiments 1 and 2, this model adequately fit the data, but R N was needed for Experiment 3. For the SON models, setting R N ϭ 0 worked for Experiment 1 but not for Experiments 2 or 3. As is evident, the results from these two classes of model did not yield uniform conclusions. Also, contrary to Kelley and Wixted, constraining 
Approach to Model Fitting
ROC analysis for associative recognition data has usually been carried out separately for intact/new, intact/rearranged, and (less often) rearranged/new ROCs. The method used in the present experiments was to simultaneously fit intact/new and rearranged/ new ROCs, using the approach of Macho (2004) . This technique, which models all rating data from a single recognition test in one pass, has important advantages over the piecemeal approach, especially when, as in our case, the associative recognition test contains both new and rearranged lures. First, it avoids interpretive problems arising when different models provide better fits to ROCs based on the same hit or FA rates. In preliminary analyses of our data, we found that the unequal-variance signal-detection model gave a better account of intact/new ROCs but that a recollection-based model generally described intact/rearranged ROCs more satisfactorily, especially for young adults (see Light, Healy, Patterson, & Cheung, 2005) . Because the three types of test pairs involved in these ROCs (intact, rearranged, new) all appeared on the same test and because people are unlikely to shift response criteria on an item-by-item basis (Stretch & Wixted, 1998) , finding that different models fit different aspects of the data better is at best theoretically awkward. Second, again because all data generated by the recognition test are fit simultaneously, certain anomalies in parameter estimation are avoided. In our preliminary analyses, fitting Yonelinas's (1997) dual-process model to intact/rearranged and intact/new ROCs separately yielded rather different estimates of R O , despite the fact that the same hit rates were plotted in the two ROCs. Macho's procedure estimates a single R O for the entire data set, precluding discrepant estimates of the same parameter from ROCs based on different subsets of the data from a single test.
Fits of associative recognition memory ROCs have generally been carried out for data aggregated over participants (i.e., at the group level), though some studies have reported ROC fits for individuals (Kelley & Wixted, 2001, Experiment 4; Yonelinas, 1997, Experiment 3) . Inferences about processes based on these two approaches are not invariably identical. That is, ROCs are 3 Two-high-threshold models of recognition postulate one recollection process (R O ) that operates solely on "old" items and a different one (R N ) that operates solely on "new" items (see Macmillan & Creelman, 1991; Snodgrass & Corwin, 1988) . If these are constrained to be equal in magnitude, it might make sense to estimate a single R parameter, but in doing so, the theoretical distinction between these is lost, and empirically, when both are estimated, they are not always equal in magnitude (e.g., Arndt & Reder, 2002; Yonelinas, 1997) . That is, estimates of R O may be larger than those for R N , perhaps because (as suggested by a reviewer) the latter is somewhat more dependent on initiation of strategic retrieval triggered by a familiarity cue, whereas the high contextual match between study and test for intact pairs triggers a fairly automatic process. nonlinear functions, and the mean of a set of individual nonlinear functions does not necessarily equal the same function fit to aggregated data (Wickens, 2002) . In our studies, we included sufficient numbers of observations per person per condition for associative recognition (96 in Experiments 1 and 2 and 72 in Experiment 3) and for item recognition (72 in Experiment 3) to permit modeling at the individual level. Thus, our data set provides a unique opportunity to compare models for item and associative recognition for each age group as well as across age groups for large numbers of individual participants. In addition, estimating parameters for individual participants permitted us to use traditional statistical analyses for detecting group differences (i.e., t tests). Further details of the modeling procedure are discussed after we report the behavioral data for Experiments 1-3.
The Present Experiments
If, as we have suggested above, older adults have impaired recollection but spared familiarity processes, parameter estimates derived from a given model should vary across age in predictable ways. We know of only one published study in which ROCs for young and older adults were systematically compared. Harkins, Chapman, and Eisdorfer (1979) compared item recognition ROCs for 8 young and 16 older women and found that these ROCs differed in terms of sensitivity but not slope. We used dataThief (Huyser & van der Laan, 1994) to capture the (x, y) coordinates for the ROCs in Harkins et al. and fit the UVSDT model to their data. The estimates we obtained for both dЈ and were numerically smaller for older adults. When Light et al. (2000) fit the DP-EV model to Harkins et al.'s ROCs, they found that older adults' R O and familiarity (dЈ) estimates were both numerically smaller than those of young adults. Prull et al. (2004) reported a similar outcome, namely, that values of dЈ and R O estimated for item recognition from the DP-EV model were both smaller for older adults. A decline in dЈ is unexpected given that process-dissociation tasks generally show small to nonexistent age differences in F, though it is consistent with a decline in proportion of know judgments in the remember/know paradigm.
On the assumption that recollection is age sensitive, we predicted that models including the recollection components R O and R N would yield larger values of these parameters for young than for older adults. Whether familiarity, as assessed by dЈ, would show age differences for either item or associative ROCs was considered an open question given our review of the literature. Note, however, that if item recognition ROCs are best described by the UVSDT model (as is typically the case), one would expect to see age differences in dЈ, given that age effects in item recognition are pervasive (Burke & Light, 1981) . Although we have included a rather large number of models in our analyses of associative recognition, our goal was not so much to determine which of these was the best fitting one (and indeed, we show below that more than one model does a credible job of accounting for our data) but to determine whether conclusions drawn about age differences in familiarity and recollection are dependent on the specific ways in which these constructs are embodied in different models.
Experiment 1
In Experiment 1, young and older participants studied lists of word pairs and were given a confidence-rated recognition test on each. The test lists consisted of intact pairs that had appeared in the previous study list, rearranged pairs in which both words had been studied but with different partners, and new pairs that contained two unstudied words. Because age differences in associative recognition could result from problems in either memory for single items or memory for the association between items (e.g., NavehBenjamin, 2000), we tested subgroups of participants in each age group at different presentation rates in the hope of producing approximately equal performance on item recognition across age for at least one duration.
Method
Participants. Fifty-nine young adults (43 women and 16 men) and 60 older adults (44 women and 16 men) were randomly assigned to either a short or a long study condition. The short study duration was 2 s/pair for young adults (n ϭ 30) and 3 s/pair for older adults (n ϭ 30). The long study duration was 3 s/pair for young adults (n ϭ 29) and 4 s/pair for older adults (n ϭ 30). The young adults were students of the Claremont Colleges, Claremont, California, and the older adults were residents of the local community. Demographic characteristics of the sample and performance of participants on a battery of measures collected for descriptive purposes are given in Table 1 . Data from a further 2 young adults and 9 older adults were collected but not included in the analyses. A criterion for inclusion was that a participant had to have distributed confidence judgments sufficiently to permit fitting of at least 3-point intact/new and rearranged/new ROCs at the individual level. Additional inclusion criteria are discussed when we consider implementation of the models in more detail. Data from 1 young and 2 older adults in the short study condition and 2 older adults in the long study condition were removed for this reason. One young adult's data were lost because of a power outage. Of the remaining older adults, 2 had not learned English by a criterion age of 8 years old, 2 were older than a criterion age of 80, and 1 did not complete the associative recognition task. All participants were tested individually in each of the three experiments.
Materials. We randomly selected 896 words from the MRC Psycholinguistic Database (Coltheart, 1981) to be targets and 56 to be buffers. The target words were between four and nine letters long, had an average frequency of 49.54 occurrences per million (SD ϭ 80.80, range ϭ 1-760; Francis & Kučera, 1982) , and had an average of 1.90 syllables (range ϭ 1-4).
Design and procedure. At the beginning of the experiment, participants completed a demographic questionnaire and then read detailed instructions about the associative recognition task. Participants were told that they would study a list of word pairs and then be given a memory test for three types of word pairs (intact, rearranged, and new). Participants were told that they would never see one old and one new word, that words repeated at test would be on the same side of the screen as they were during study, and that words would be repeated only within the same study-test block. No suggestion was made in the instructions that performance might be improved by trying to form associations or to use these at test. After participants read the instructions, they were questioned to make sure that they understood the task.
The associative recognition task consisted of seven study-test blocks, the first of which was treated as practice and not analyzed. Assignment of words to pairs and to testing conditions was randomized for each participant. Each study list consisted of 48 word pairs placed between two buffer word pairs at each end of the list. Of the 48 study pairs, 16 were tested as intact pairs. The remaining 32 study pairs were used to create 16 rearranged pairs; only the left or the right word from a given study pair was used for this purpose, with the unselected members of the study pairs not tested. Each test list also included 16 new pairs. The ordering of pair types on the test list was pseudorandomized such that a given pair type could not occur more than four times consecutively. Participants were asked to rate their confidence in the study status of a test pair using a 6-point scale (1 ϭ Sure New to 6 ϭ Sure Old) and were encouraged to use all six response categories. They were instructed to call intact pairs "old" by giving ratings of 4, 5, or 6, and to call rearranged and new pairs "new" using ratings of 1, 2, or 3. Confidence ratings were made vocally, without time limit, and were recorded by the research assistant. After each study-test block, participants were given a rest break, and after completing all of the study-test blocks, they were given another rest break before completing the auxiliary measures reported in Table 1 . A typical testing session lasted between 1.5 and 2 hr, and participants were paid $20.
Results
We report here the data for hit rates on intact pairs and FA rates on new and rearranged pairs. Unless otherwise noted, a two-tailed alpha of .05 was used for all statistical tests, and effect sizes are reported using partial 2 . Although we computed a large number of contrasts for parameter estimates, a liberal significance level was deemed appropriate for these comparisons because of our interest in seeing similar trends in parameters across experiments. Statistical modeling of the rating data for all three experiments is described in the section titled Formal Modeling of Experiments 1-3.
Hit and FA rates were obtained by calculating the proportions of intact, rearranged, and new pairs given "old" ratings (see Table 2 ) and analyzed using Age ϫ Duration analyses of variance (ANOVA). The FA ANOVA included a within-subjects factor of FA type (rearranged, new). Hit rates showed no significant effects of duration or age (both Fs Ͻ 1), but there was a marginally significant crossover interaction between these factors, F(1, 115) ϭ 3.10, p ϭ .08, 2 ϭ .03. Young adults had marginally lower hit rates in the short condition than in the long condition, t(57) ϭ Ϫ1.76, p ϭ .08, 2 ϭ .05, whereas older adults' hit rates were nonsignificantly higher in the short condition (t Ͻ 1). 
Discussion
The behavioral results of Experiment 1 can be summarized quite simply-young and older adults did not differ significantly in hits for intact pairs or in FAs for new pairs, but false alarms for rearranged pairs were Nelson & Denny (1960) , maximum score ϭ 25. c Subjective ratings of health on a 10-point scale; higher values mean better health.
d Participants were given several sheets of paper containing rows of random letters and were asked to find as many letter As as they could in 1 minute.
e Relative speed is based on the Symbol-Digit Substitution Task (Salthouse, 1992) . The values shown are the reaction time differences between digit-symbol and digit-digit divided by digit-digit.
f Salthouse (1992) . Experiment 2
Experiment 1 demonstrated an age-related impairment in associative recognition in that older adults had considerable difficulty rejecting rearranged pairs. In Experiment 2, we asked whether this pattern would change if participants were encouraged to use recollection when making associative recognition decisions. Previous research by Rotello et al. (2000, Experiments 1 and 2) has shown that the use of recall to reject is under strategic control. In their experiments, people studied lists of singular and plural nouns. Estimates of the upper x-intercept were considerably lower when participants believed that using the recall-to-reject strategy was to their advantage in discriminating whether test probes were either identical to studied words or plurality-reversed lures. Item-by-item monitoring of the similarity of test probes to studied items has also been found to reduce older adults' source misattribution errors in the false-fame paradigm (Multhaup, 1995) and false recognition of related lures in the Deese/Roediger-McDermott paradigm (Koutstaal, Schacter, Galluccio, & Stofer, 1999) . Experiment 2 addressed the issue of whether older adults are impaired in associative recognition tasks because they do not spontaneously form associations during study or engage in recollection but can do so if actively encouraged.
Method
Participants. Descriptive information for the 31 young adults (18 women and 13 men) and 33 older adults (26 women and 7 men) who participated in Experiment 2 is given in Table 1 . Data from an additional 6 young and 7 older adults were collected but not analyzed. Of the young adults, 3 had previously participated in another associative recognition study, data from 1 were lost because of equipment failure, 1 did not follow the instructions, and 1 did not distribute confidence judgments sufficiently to permit model fitting. Of the older adults, 1 performed at chance when making intact/new decisions, data from 1 were lost because of equipment failure, 1 did not complete the associative recognition task, and 3 were over 80 years in age. In addition, data from 1 older adult who had zeroes on the computation span and CVLT measures were also removed from the analyses.
Materials. The stimuli and testing apparatus were the same as in Experiment 1.
Design and procedure. The experimental procedure was nearly identical to Experiment 1, save for two changes. First, study duration was fixed at a rate of 3 s/word pair for all participants. Second, and more important, participants were given instructions that explicitly encouraged them to form associations between words in a pair. The instructions were designed to encourage participants to actively form associations between word pairs during encoding and to use these associations during test. An excerpt from the instructions appears below.
While you are studying the word pairs, we would like you to try and form meaningful associations between the words. Most of the time, the words in the pair will not have an obvious relationship. For example if you see "KING PEAR," you could say to yourself, "The plump KING looks like a PEAR." The associations you make will of course be up to you, but by forming the associations you should be able to remember the word pairs better. To determine if you've seen a word pair before, we want you to try and remember any associations you might have formed during study. For example, you might see "KING PEAR" or "KING FORK." If you think about the association you made for the word "King" ("The plump KING looks like a PEAR"), you will have an easier time differentiating between the three kinds of test pairs.
Participants were reminded before each study list to form associations between pairs and before each test to use these associations to decide whether pairs were "old" or "new."
Results
The hit and FA rates (see Table 2 ) were analyzed as in Experiment 1 and yielded similar results. The hit rates for intact pairs did not differ across groups (t Ͻ 1). only in the extent to which they stressed forming associations during study and using recollection strategies at test. Tests of instructional effects were carried out by adding an experiment factor to the hit and FA ANOVA designs reported above. These tests showed that hit rates were not affected by instructions, and once again, neither age nor any of the interactions of age with other factors was significant (all Fs Ͻ 1.68). There was, however, a significant three-way interaction observed in the FA ANOVA, F(1, 179) ϭ 11.91, p Ͻ .01, 2 ϭ .06. The FA rates for new pair lures were not affected by instructions for either age group (both ts Ͼ Ϫ0.94). More elaborate instructions did, however, lower young adults' FA rates to rearranged pairs so that these were smaller in Experiment 2 than in Experiment 1, t(88) ϭ 2.47, p Ͻ .05, 2 ϭ .06. Of primary interest, elaborated instructions did not lead to lower FAs for rearranged lures in older adults, t(99) ϭ 0.19.
Discussion
The results of Experiment 2 confirm and extend those of Experiment 1. Older adults once again incorrectly accepted rearranged pairs at a higher rate than young adults. Moreover, only young adults benefited from the augmented instructions; young adults made fewer FAs on rearranged pairs in Experiment 2 than in Experiment 1. Older adults' FA rates on rearranged pairs were actually slightly higher in this study than in Experiment 1. Thus, the evidence suggests that both the use of a recall-to-reject mechanism and its strategic control are negatively affected by aging. Although cross-experiment comparisons must be interpreted with appropriate caution, we believe that the evidence speaks convincingly to an impairment in forming and/or utilizing associations in old age.
Experiment 3
In Experiment 3, both item and associative recognition processes were examined in young and older adults. In both types of tests, participants studied pairs of words. The associative recogni-tion test followed the same format as in the previous experiments. The item recognition test, however, consisted of single words that had originally been studied as members of word pairs, and participants rated how confident they were in the "old"/"new" status of the test word. The primary questions of interest in Experiment 3 were whether the model fits for item recognition would yield evidence for recollection and, if so, whether this evidence would be equally strong for young and older adults.
Method
Participants. Twenty-five young adults (16 women and 9 men) and 36 older adults (21 women and 15 men) were sampled from the same populations as in Experiments 1 and 2. Their demographic characteristics appear in Table 1 . Data from an additional 9 young adults and 2 older adults were collected but not analyzed. Two young adults performed at chance when making intact/new discriminations, 3 did not distribute confidence judgments sufficiently to permit ROC curve fitting, 2 did not complete the experiment, 1 learned English after the age of 8 years old, and data from 1 were lost because of experimenter error. Of the older adults, 1 performed at chance when making intact/new judgments, and experimenter error resulted in the loss of data from the other.
Materials. The 972 targets and 112 buffers used as stimuli were randomly selected from the same corpus of words described in Experiment 1. Target words were between four and nine letters long, had an average frequency of 74.59 occurrences per million (SD ϭ 104.74, range ϭ 1-897), and had an average of 1.81 syllables per word (range ϭ 1-4).
Design and procedure. Six associative and four item recognition tests were completed in two sessions that occurred within a 2-week period. The number of item and associative recognition tests was randomized such that there were from one to three item tests and from two to four associative tests per session. Each session began with one practice item recognition test and one practice associative recognition test that were not analyzed.
Each study list consisted of 24 target pairs, two primacy buffers, and two recency buffers presented at a rate of 3 s/pair. Word pairings and assignment of stimuli to testing conditions were determined randomly for each participant. After a study list was presented, participants were randomly given either an item or an associative recognition test. Participants were told that they would not know what type of test they would take until after the study list was completed. Each item recognition test consisted of a random ordering of 18 old and 18 new words displayed one at a time on a computer monitor. Half of the old items had been studied as left-side partners, and the other half had been right-side partners. The testing conditions were constrained so that no more than two left-old, two right-old, or four new words could appear consecutively. The associative recognition tests contained 12 intact, 12 rearranged, and 12 new pairs. Unlike Experiments 1 and 2, both right and left members of study pairs occurred in rearranged pairs, though not, of course, with their original partners. The instructions in Experiment 3 were similar to those in Experiment 1, but they also described the item recognition tests. Participants were instructed to rate intact pairs and studied words as "old" (4, 5, or 6 on the rating scale) and rearranged pairs, new pairs, and unstudied words as "new" (1, 2, or 3 on the rating scale). Confidence ratings were made aloud and recorded by a research assistant before a new trial was initiated. After each session's primary task was completed, participants were given a battery of auxiliary measures as in the previous experiments. A typical testing session lasted between 1 and 2 hr, and participants were paid $20 per session.
Results and Discussion
Associative recognition. The analysis strategy used in Experiment 3 followed those in the previous experiments. Hit and FA rates are given in Item recognition. Hit and FA rates were calculated as the proportions of old and new words judged as "old." Hit rates were almost identical for young (M ϭ .80, SD ϭ .11) and older adults (M ϭ .79, SD ϭ .10; t Ͻ 1). However, young adults (M ϭ .20, SD ϭ .13) made fewer FAs than older adults (M ϭ .30, SD ϭ .14), t(59) ϭ Ϫ2.78, p Ͻ .01, 2 ϭ .12. Experiment 3 provides a further demonstration of an associative deficit in older adults. Experiment 3 also showed evidence of an age-related deficit in item recognition inasmuch as older adults' FA rates on new items exceeded those of young adults, though there was no age difference in hit rates on old items.
Formal Modeling of Experiments 1-3
Model fitting was carried out using routines developed by Macho (2002 Macho ( , 2004 4 that utilize Microsoft Excel's Solver function to simultaneously fit intact/new and rearranged/new ROCs by maximum-likelihood estimation. Model goodness of fit was assessed by computing Akaike's information criterion (AIC; Akaike, 1973) and the Bayesian information criterion (BIC; Schwarz, 1978) . The AIC and BIC are goodness-of-fit measures that take into account the number of parameters estimated by a model, penalizing models with fewer degrees of freedom. For both indices, smaller values indicate better fit. Macho (2004) reported that these indices do not always yield uniform conclusions about goodness of fit, and as is shown below, this is also true for our data.
Seven models were fit to the associative recognition data. The first model was the UVSDT model with parameters dЈ I/N , dЈ R/N , and I,R/N . This model does not contain recollection parameters. All of the remaining models that we considered do include recollection components. The second and third were two dual-process models with parameters R O , R N , dЈ I/N , and dЈ R/N . These dualprocess models differed only in whether the intact and rearranged (old) distributions had the same variability as the new distribution (the DP-EV model) or whether variability for the intact and rearranged distributions was estimated (the DP-UV model). As in the UVSDT model, a single I,R/N was shared between the intact and rearranged distributions (e.g., Macho, 2004; Quamme, Frederick, 4 The equations used can be found in Macho (2002 Macho ( , 2004 , and his Excel files are available for downloading at http://www.unifr.ch/psycho/general/ german/people/macho/mar.php. Our approach differed in one important respect from that of Macho (2004) . Because our goal was to see how recollection and familiarity estimates for young and older adults vary as a function of model, we fit only full versions of each model and did not attempt to systematically constrain parameters within a given model to obtain the best fitting version of that model. This permitted us to compare models that all had parallel sets of parameters. Comparisons of our results with those of Macho (2004) must thus be understood with this caveat.
Kroll, Yonelinas, & Dobbins, 2002 ). The fourth model was the SON model (Kelley & Wixted, 2001 ) with parameters R O , R N , dЈ ITEM , dЈ ASSOC , and ASSOC . The R O and R N parameters in this model represent the probabilities that associative familiarity will be added to or subtracted from item familiarity when making judgments on intact and rearranged test pairs, respectively. We called this version of the model the SON-UV (unequal-variance) model and also examined a fifth model in which item and associative variability were fixed at 1, the SON-EV (equal-variance) model. In both SON models, ITEM ϭ 1, following Macho (2004) and simplifying comparison of his results with ours. The sixth and seventh models were equal-and unequal-variance versions of the MPTSDT model (MPTSDT-EV and MPTSDT-UV, respectively; Macho, 2002 Macho, , 2004 , in which recollection responses could be distributed across confidence categories. Macho (2002 Macho ( , 2004 ) also constrained the distribution of recollection responses to old items and to lures to be symmetrical, so that, for instance, the likelihood of an old recollected item receiving a confidence judgment of 6 was equal to that of a new (to-be-rejected) recollected lure receiving a 1. To keep the number of estimated parameters on a par with those of other models, we also constrained the distributions of confidence judgments to be symmetrical. We did not fit an equalvariance signal detection theory model because in preliminary analyses of the data at the group level, this model performed dismally (worst for all fit statistics for both age groups in all three experiments). Space considerations preclude a full discussion of the analyses of pooled data, but we refer to them when it is theoretically important to do so, and a summary may be obtained directly from us.
Given a 6-point rating scale and three types of test items, the maximum number of data points was 18, with 15 degrees of freedom. At the individual level, 15 independent data points were not invariably available because participants did not distribute judgments across all rating categories for each item type. Missing data can be problematic inasmuch as they may influence goodnessof-fit measures (because there are fewer data points to explain). The MPTSDT models estimate distributions of recollected responses across confidence classes and make symmetry assumptions about to-be-accepted targets and to-be-rejected lures. For these models, we could not see an easy way to deal with different patterns of missingness across confidence judgments in different participants. (Three young and 4 older adults had 3-point ROCs, and 9 young and 9 older adults had 4-point ROCs instead of 5-point ROCs.) For the MPTSDT models, then, we report analyses based solely on the subset of participants who had complete data. We considered reporting for all models only analyses of parameter estimates based on participants who fully distributed their confidence judgments but decided that the gain in power produced by retaining as many data sets as possible for each model justified the approach taken. When appropriate, we assessed the effect of missing data by comparing the results of analyses including all participants with those including only people who had complete ROC data. Both sets of analyses led to the same substantive conclusions.
When fitting models at the individual level, we placed upper and lower bounds on some parameters. In choosing constraints, we sought values that could adequately describe the data while at the same time limiting the extent to which instability in the data would lead to extreme values. For all models, values of dЈ were constrained to lie within theoretical limits given the number of trials in a condition (Macmillan & Creelman, 1991, p. 10) . For Experiments 1 and 2, this value was Ϯ5.12, and for Experiment 3, it was Ϯ4.92. The same upper bounds were used for dЈ in the SON model, but the lower bound was set to 0. For the DP-UV, DP-EV, and UVSDT models, I,R/N was constrained to fall within the interval from 1.00 to 4.00 under the assumption that target items have greater variability than new items. The lower bound on ASSOC was reduced to 0.80 for the SON models because Macho (2004) found that ASSOC did not always exceed 1.00, as predicted by Kelley and Wixted (2001) ; using this lowered boundary permitted further empirical examination of the range of this parameter. All recollection parameters were constrained to be within the interval from 0 to 1. The final constraint was that response criteria had to be within the interval of Ϯ3.10 standard units.
In some of the models that we examined, was not fixed at 1.00. When is greater than 1.00, dЈ overestimates the mean difference between the target and lure distributions (Wickens, 2002) . This can lead to erroneous conclusions about processes underlying empirical phenomena (for an example, see Verde & Rotello, 2003) . We therefore also report d a (Kijewski, Swensson, & Judd, 1989; Simpson & Fitter, 1973) when we estimated because it provides a better index of sensitivity in unequalvariance situations.
Model Fits: Associative Recognition
Although model fitting was carried out at the individual level, Figure 1 shows ROCs for pooled data for young and older adults in each experiment so that the reader can have a feel for the appearance of these. To evaluate model fit, we examined AIC and BIC measures in three ways. First, we computed mean AIC and mean BIC for each model, separately for young and older adults in each experiment, for all participants who had complete rating data. Second, we ranked the AIC and BIC values for the seven models for these participants and computed mean ranks for each model for young and older adults in each experiment. Third, we simply counted how many times each model gave the best fit for individuals in each age group in each experiment. The first two approaches led to very similar conclusions, and because some reviewers of this article raised a concern about the appropriateness of taking means of AIC and BIC measures (because of possible nonlinearities), our discussion focuses on the ranking data. Table 3 gives mean ranks for the AIC and BIC indices as well as counts of the frequency with which the various models provided the best and second-best fits for young and older adults in each experiment.
Although the ordering of models was not entirely consistent across AIC and BIC measures, important regularities are evident in Table 3 . Most notably, for mean AIC ranks, the SON-EV model came in first in all three experiments for young adults as well as in Experiments 1 and 2 for older adults; the SON-UV model was in second place for young adults in the first two experiments and for older adults in Experiment 2. For mean BIC ranks, the UVSDT model was the runaway winner, coming in first in all cases except for young adults in Experiment 2, where it was second best after the SON-EV model. The SON-EV model came in second for young adults in Experiments 1 and 3 and for older adults in Experiments 1 and 2. The AIC and BIC indices clearly do not yield the same orderings of goodness of fit. Macho (2004) reported inconsistencies across fit statistics for the models he examined for the pooled response data from Yonelinas (1997) and Kelley and Wixted (2001) . We do not, at this time, have an adequate explanation for the discrepancies in ordering of model fit statistics across measures, and we share Macho's view that there is no simple way to decide among alternative models.
These outcomes for mean ranks would lead one to expect that, at the level of individual participants, the SON-EV and the UVSDT models would garner the most top ranks for AIC and BIC measures, respectively. For the BIC measure, the model with the lowest mean rank always had the most votes for best fit except for young adults in Experiment 2, where the UVSDT model had the edge, making this model the universal winner. However, the UVSDT model made a better showing for the AIC measure than might have been anticipated solely from examination of mean ranks. For this measure, collapsing across age and experiment, the UVSDT model had 76 top votes, and the SON-EV model came in second with 60. There was some difference across young and older adults in this regard, with 27 young and 49 older adults being favored by the UVSDT model and 34 young and 26 older adults by the SON-EV model. When both first-and second-place votes were considered for the AIC measure, the edge went to the SON-EV model with 119 votes versus 93 for the UVSDT model. As shown in Table 3 , the spread in mean rank AIC values was relatively small compared with that for the BIC measure, and when we examined the AICs of individual participants, these often were very close for the top models. Thus, it is perhaps not surprising that the advantage for the SON-EV model was less lopsided for the individual fits than might be expected for the AIC measure. What is very clear from these analyses, however, is that the SON-EV and UVSDT models fared very well in terms of fit indices in our studies, whereas some of the remaining ones, especially the DP-UV model and the two MPTSDT models, fared extremely poorly.
We turn now to the most important questions for us-whether the parameter estimates for these models behave in a manner that is consistent in the conclusions they permit us to draw about aging and whether those conclusions make theoretical sense. We also discuss the way that elaborated instructions affect parameter estimates for the various models (if they do) by reporting analyses that contrast Experiments 1 and 2. In the behavioral data, stressing the formation and use of associations during recognition was associated with decreased FAs on rearranged lures in young, but not older, adults; the question of interest is how this is reflected in different models at the level of component-process parameter estimates.
Parameter Estimates: Associative Recognition
Parameter estimates for the various models are found in Tables  4, 5 , 6, 7, 8, 9 , and 10. Conclusions based on comparisons of age differences in parameters for the various models for the full and reduced samples did not differ importantly.
UVSDT model. As seen in Table 4 , young adults had significantly larger I,R/N and dЈ I/N together with significantly smaller dЈ R/N and d a,R/N estimates. The age difference in dЈ I/N is interesting and perhaps surprising given that age differences in hit rates were not observed and age differences in FAs to new lures were either nonsignificant or relatively small across the board. One possibility here is that dЈ is not a good index of sensitivity in this unequalvariance situation. This conclusion is reinforced by the finding that age differences in d a,I/N were not significant in any of our three experiments. The only parameters to show Age ϫ Experiment interactions representing instructional changes between Experiments 1 and 2 were the dЈ R/N and d a,R/N estimates, F(1, 179) ϭ 6.19, p Ͻ .05, 2 ϭ .03, and F(1, 179) ϭ 5.58, p Ͻ .05, 2 ϭ .03, respectively, which both yielded reduced values of these parameters in young adults when instructions stressed formation and use of associations; older adults had small increases in these values (reflecting slightly poorer performance with augmented instructions). For this model, then, what we can say about age-related differences in familiarity varies with whether we are talking about intact/new or rearranged/new ROCs and choice of measure of sensitivity.
Dual-process models. Mean estimates for the DP-UV model can be found in Table 5 . Young adults had larger recollection estimates than older adults. Conclusions about familiarity in the DP-UV model were constant across dЈ and d a measures. Any age differences in dЈ I/N and d a,I/N were small, but more substantial differences were present for dЈ R/N and d a,R/N . In Experiment 1, young adults had significantly higher R O , R N , and I,R/N estimates; older adults had higher dЈ R/N and d a,R/N estimates; and the differences in dЈ I/N and d a,I/N estimates were not significant. In Experiment 2, R N and I,R/N were significantly larger for young adults, whereas R O was just numerically larger. The differences in dЈ I/N and d a,I/N were nonsignificant. The differences in dЈ R/N and d a,R/N were significant-older adults were worse at rejecting rearranged pairs than were young adults. Finally, in Experiment 3, the only significant age difference was in R N , though for most parameters, the direction of the numerical differences was the same as in the other studies. We note one discrepancy that was clearly visible in the group and individual fits for this model-the young adult group fit yielded an estimate of R N ϭ 0 for Experiment 2, whereas all other values of this parameter were in the neighborhood of .20 for young adults at both the aggregated and individual ROC levels. This result is not a fluke; we observed a similar outcome in analyses not reported here when we modeled pooled data from young adults in Light et al. (2004, Experiment 2) . We believe that this finding highlights the importance of fitting multiple data sets and examining parameter estimates at the individual level.
Parameter estimates for the DP-EV model appear in Table 6 . Significant age differences favoring young adults in R O and R N appeared in every experiment except for R O in Experiment 3, where the difference also favored the young. The only significant difference in dЈ I/N was in Experiment 1. Unlike the DP-UV model in which the dЈ R/N parameter was consistently larger for older adults in both Experiments 1 and 2, here the difference was significant only for Experiment 2, though once again the direction of the difference was the same in all three experiments. In the DP-EV and DP-UV models, then, age differences in associative recognition show up most consistently in recollection parameters but can sometimes be observed in familiarity estimates, depending to some extent on whether equal-or unequal-variance models are fit.
Finally, the manipulation of instructions across Experiments 1 and 2 produced an Age ϫ Experiment interaction in dЈ R/N , F(1, 179) ϭ 4.26, p Ͻ .05, 2 ϭ .02, that was also marginally significant in d a,R/N , F(1, 179) ϭ 3.44, p Ͻ .07, 2 ϭ .02, for the DP-UV model; young adults' estimates decreased from Experiment 1 to Experiment 2, whereas older adults' estimates increased. The DP-EV model generated only a main effect of instructions, and that was for a marginal increase in R O , F(1, 179) ϭ 3.78, p Ͻ .06, 2 ϭ .02. SON models. Parameter estimates for the SON-UV and SON-EV models can be found in Tables 7 and 8 , respectively. In Table 5 Parameter Estimates: Dual-Process Unequal-Variance Model Interpretation of these parametric tests requires caution, however, because 12 out of 59, 14 out of 31, and 12 out of 25 of the young adults and 22 out of 60, 18 out of 33, and 16 out of 36 of the older adults had ASSOC estimates that fell between .80, the lower bound imposed on this parameter for individual data, and 1.00. By binomial test, ASSOC was reliably greater than 1.00 only for the Experiment 1 young and older adults ( ps Ͻ .052). Thus, there is some evidence at the individual level for Macho's (2004) claim that the associative familiarity distribution may not actually have greater variability than the item distribution, which has the important implication that ASSOC values less than 1.00 make associative information more threshold in nature than the continuous process suggested by Kelley and Wixted (2001) . The reason for this is that as the associative familiarity distribution becomes less dispersed, the addition or subtraction of associative information operates in a more restricted area of the confidence range. Across the board, young adults had numerically larger recollection estimates. R O was significantly larger for the young in Experiments 2 and 3, and all three R N comparisons were significant and favored the young. Older adults had significantly larger dЈ ITEM estimates than young adults in Experiments 1 and 2, but the dЈ ASSOC and d a,ASSOC estimates were larger for young adults (significantly so in Experiment 1). When Experiments 1 and 2 were compared, young adults continued to have significantly larger R O and R N estimates, F(1, 179) ϭ 4.33, p Ͻ .05, 2 ϭ .02, and F(1, 179) ϭ 28.75, p Ͻ .01, 2 ϭ .14, respectively, and there was a marginally significant interaction of age and instructions for R O , F(1, 179) ϭ 3.11, p Ͻ .08, 2 ϭ .02, as well as for R N , F(1, 179) ϭ 4.46, p Ͻ .04, 2 ϭ .02. Both parameters were larger in Experiment 2 for young adults, although the opposite was true for older adults. There was also a suggestion of d a,ASSOC being significantly larger in Experiment 2, F(1, 179) ϭ 3.30, p Ͻ .07, 2 ϭ .02.
In the analyses of individual parameter estimates from the SON-EV model, R N again was significantly larger for young adults, with R O age differences significant in Experiment 2 only, although the numerical difference for young and older adults was nearly as large in Experiment 3. As was the case for the unequalvariance model, older adults had significantly larger dЈ ITEM estimates than young adults in Experiments 1 and 2, but the dЈ ASSOC estimates were larger for young adults (significantly so in Experiment 1). Finding increased item strength and decreased associative strength in older adults in the SON models suggests that they attend to individual items within pairs at the expense of relationship between pair members, even when study instructions encourage association formation, as in Experiment 2 (see also NavehBenjamin, 2000, Experiment 2).
In terms of the effects of instructions, R N was marginally larger in Experiment 2 than in Experiment 1, F(1, 179) ϭ 3.26, p Ͻ .08, 2 ϭ .02, and R O produced an interaction of age and experiment, F(1, 179) ϭ 5.09, p Ͻ .05, 2 ϭ .03, such that young adults' estimates increased by .11 between experiments, whereas older adults' estimates decreased by .05.
Multinomial processing tree signal detection theory models. Tables 9 and 10 give parameter estimates for the MPTSDT models. Analyses of the parameter estimates lead to identical conclusions for the two variants of the MPTSDT model for parameters common to both. R N was significantly higher for young adults in all experiments, as was R O in Experiment 3. There was some evidence for greater distribution of recollection responses across confidence bins for older adults. The age difference was significant for the two strongest response categories, but only in Experiment 1; in Experiment 2, there were somewhat more responses for the lowest confidence bin for older adults. Estimates of dЈ in both models were significantly larger for older adults, and I,R/N estimates for the MPTSDT-UV model were greater in young adults but significantly so only in Experiment 1.
The effect of the instructional manipulation in Experiments 1 and 2 was isolated to R N , which showed significant Age ϫ Experiment interactions in both the MPTSDT-EV model, F(1, 159) ϭ 8.27, p Ͻ .01, 2 ϭ .05, and the MPTSDT-UV model, F(1, 159) ϭ 9.75, p Ͻ .01, 2 ϭ .06. For both models, R N increased for young adults but decreased for older adults. There was also a slight trend in the MPTSDT-UV estimates for R N to be larger in Experiment 2, F(1, 159) ϭ 2.95, p Ͻ .09, 2 ϭ .02. Summary: Associative recognition. The meaning of the terms recollection and familiarity is not identical across the models we have fit. However, in all models containing recollection parameters, regardless of how these are construed, young adults had significantly greater values for R N in every experiment and numerically larger estimates for R O that were sometimes significant (though not always for the same experiments). The MPTSDT models also include estimates of the probabilities that recollected responses will be assigned to different confidence-rating classes. In Experiment 1 and perhaps in Experiment 2, there was evidence to suggest that older adults spread their responses more across confidence bins than do young adults, but not in Experiment 3. Conclusions regarding familiarity were considerably more model specific, depending on the ways in which familiarity was construed and on relationships among familiarity and other component processes in a model. Nonetheless, the models do converge on some common themes, which we elaborate on in the General Discussion.
Model Fits: Item Recognition
Because the item recognition data yielded only a single old/new ROC, not all of the models fit to the associative recognition data were appropriate. We fit the UVSDT model with parameters O/N and dЈ O/N ; the DP-UV model with parameters R O , O/N , and dЈ O/N ; the DP-EV model with parameters R O and dЈ O/N ; and the MPTSDT-EV model with parameters R O and dЈ O/N . The MPTSDT-UV model was not investigated because, for item recognition, it has df ϭ 0. The SON models were also not fit because, without associative information, both reduce to equal-variance signal-detection models, which (as discussed earlier) have not received strong support in the literature for item recognition and which did not appear (by visual inspection) to be strong contenders for our data set (see Figure 2) . We did not include R N in our models for item recognition because our lures were unrelated to the targets; recall to reject has been implicated as a component process in item recognition tests with lures that are very similar to target items (e.g., Arndt & Reder, 2002; Hintzman & Curran, 1994) , but our item lures were randomly selected. Table 11 presents fit statistics for participants who had complete ROC data for item recognition. For all indices, the UVSDT and DP-EV models clearly excelled in fits of individual participants, with the DP-UV and MPTSDT-EV models consistently placing last, especially for the BIC measure.
The parameter estimates for all models of item recognition are also given in Table 11 . For analyses of these parameter estimates, we included all participants who could be fit by a particular model rather than just those who had complete data sets. Young adults' DP-EV parameter estimates were also larger, but contrary to expectation, a significant age difference appeared in dЈ O/N and not in R O . The MPTSDT-EV model produced numerically larger R O and dЈ O/N estimates for young adults, and young adults' j i estimates tended to be slightly more equally distributed across confidence categories; however, none of these apparent effects proved to be statistically significant.
From the perspective of the two top-fitting models for individual data, we would conclude that the only age effect in item recognition lies in familiarity. This finding may seem somewhat surprising, but similar results have been reported by Prull et al. (2004) and Harkins et al. (1979) .
General Discussion
Our primary goal in this research was to examine possible differences in the contributions of familiarity and recollection to item and associative recognition in young and older adults by estimating parameters representing these constructs from several contemporary models of associative recognition. At a purely behavioral level, our results are straightforward and entirely consistent with other findings in the literature-older adults had poorer associative recognition than young adults in Experiments 1-3, manifested by higher FA rates on rearranged lures, as well as poorer item recognition in Experiment 3. The issue of interest is how these age differences have been captured in component processes by the various models that we fit to the data. Our findings suggest that prior claims-including some of our own-that recollection, but not familiarity, is impaired in older adults may be too simplistic and that a more nuanced approach is needed. We first reprise the conclusions we believe can be drawn about age differences in recollection and familiarity within the context of the seven models of associative recognition we have considered here and then turn to a broader consideration of the implications of our findings for the general viability of these models.
Recollection and Familiarity in Old Age
With respect to recollection, regardless of the specific way that this construct is defined within the models of associative recognition we fit to our data, the results strongly confirm the existence of age differences in recollection and in effects of instructional variables on this parameter. Importantly, for understanding age differences in associative recognition, it does not seem to matter much if recollection is viewed as a discrete process that serves as an independent source of information about whether test pairs are old or new or if it is viewed as a continuous variable representing associative information that can be added to or subtracted from (for our data, particularly the latter) item information to yield a single strength-of-evidence variable. Interestingly, Macho (2004) found it possible to fit the two-high-threshold signal-detection model (what we have called the DP-UV model) to aggregated data from Yonelinas's (1997) Experiments 1 and 2 (but not Experiment 3) data, constraining R N ϭ 0. In our experiments, however, age differences in recollection were carried primarily by this parameter, rather than by R O , despite the fact that estimates of R O were uniformly larger than those of R N (see Tables 4 -10) .
In contrast to recollection, there is not a single answer to the question of whether familiarity is affected by aging. What we can say about familiarity in associative recognition for young and older adults must be conditioned on selection of models as well as choice of indices of sensitivity. In the UVSDT model, there are two familiarity parameters, one derived from scaling intact pairs against new pairs and one derived from scaling rearranged pairs against new pairs. Age differences in dЈ I/N and in dЈ R/N were seen in each experiment, with higher values of the former and lower values of the latter seen for young adults, but age differences using d a were present for only the rearranged/new ROC. On the basis of this model and the choice of dЈ as our index of sensitivity, we would conclude that there are age differences in familiarity when people must differentiate between intact pairs and both dissimilar and similar lures, but on the basis of d a , we would argue that older adults have problems only when potential targets and lures are very similar, something that is also seen in singular/plural discrimination (Light, Chung, Pendergrass, & Van Ocker, in press) . Note that defining familiarity in terms of pitting one type of FA against another here leads to conclusions that familiarity is higher in older adults, but this is not evidence for better performance in this age group.
The UVSDT model is nested in the DP-UV model, so one might expect the behavior of the familiarity parameters dЈ I/N and dЈ R/N to be similar in these models. However, this is not the case. Age differences were not found for either dЈ I/N or d a,I/N in the DP-UV model, but we did see larger values for older than for young adults in both dЈ R/N and d a,R/N in Experiments 1 and 2 (though neither difference was significant in Experiment 3). When I,R/N ϭ 1 in the DP-EV model, there was no evidence for better performance in young adults in discriminating intact from new pairs, and only the Experiment 2 age difference in dЈ R/N was significant. Clearly, the nature and magnitude of age differences in familiarity in these models vary with the nature of the distractor set under consideration, whether I,R/N is fixed or estimated, whether recollection parameters are set to 0 or estimated, and, for at least one model, the choice of dЈ or d a .
For both the SON-UV and SON-EV models, older adults had significantly higher values of dЈ ITEM for Experiments 1 and 2 together with smaller values of dЈ ASSOC ; the latter differences were significant for Experiment 1 in the DP-UV model (this was true for d a,ASSOC as well) and for both Experiments 1 and 2 in the DP-EV model. Larger values of dЈ ITEM in this model suggest a greater contribution of item information to strength of evidence for older than for young adults, whereas reduced values of dЈ ASSOC are in accord with reduced contributions from associative information.
Finally, in the MPTSDT models, there was very little evidence for any age difference in familiarity as assessed by either sensitivity index, with the one exception of a larger value of dЈ I,R/N in Experiment 1 for older adults in the MPTSDT-EV estimates. In this model, then, age differences in performance on associative recognition are reflected principally in recollection, with some evidence for greater spread of confidence judgments in older adults.
Conclusions about the contributions of recollection and familiarity in item recognition (Experiment 3) must also be contextualized. For old/new discrimination, the UVSDT model best described the ROCs of both young and older adults, but the DP-EV model also did a reasonable job. From the perspective of the UVSDT model, age differences in dЈ O/N and d a,O/N were present, but not age differences in O/N . The DP-UV model generated age differences in R O , with sensitivity differences appearing only in d a,O/N . When O/N ϭ 1 in the DP-EV model, only the difference in dЈ O/N was manifest.
In short, answers to questions about age differences in familiarity estimated from confidence-rated recognition-and whether such age differences, if present, signify poorer performance in older adults-cannot be given unless the respondent knows the model that the interlocutor has in mind, the role of recollection and familiarity within the model, what else is being estimated, and which measure of sensitivity is being used.
The need to contextualize conclusions drawn about age differences in familiarity parameters estimated from ROC curves for associative recognition may appear to contrast with findings from the remember/know paradigm and from the process-dissociation paradigm reviewed earlier. However, it is clear that some older adults do show age differences in familiarity as estimated by Jacoby's (1991) process-dissociation procedures. Davidson and Glisky (2002) reported that older adults who scored low on tests of medial temporal lobe function had lower estimates of familiarity than older adults who scored high on such tests; the latter did not differ in familiarity estimates from young adults. Also, SchmitterEdgecombe (1999) found numerically lower estimates of familiarity in older than in young adults in one analysis. Interestingly, Toth and Parks (2004) also found lower familiarity estimates for older adults in a process-dissociation task in which partial recollection of noncriterial information contributed to assessments of familiarity. Yonelinas (2002) has suggested that age differences in familiarity estimates can be found when recollection estimates are very high (over .60), but examination of the relationship between size of R O and R N in Experiments 1-3 reveals that these are mostly well below .60 and that the presence or absence of age differences in dЈ I/N or dЈ ITEM is unrelated to the magnitude of the recollection parameters (see Tables 5-8) , so this is not likely to be an issue here.
Our studies are agnostic on one crucial point. Although we have shown that both recollection and familiarity, especially familiarity of rearranged lures, as estimated from confidence-rating data, are reduced in old age in several of the models examined, we cannot identify the source of these differences with any certainty. That is, our studies have not addressed the issue of whether the differences we have observed arise solely from operations performed at retrieval or whether they arise, at least in part, from impoverished encoding. Li (2002) has modeled cognitive aging by reducing responsivity and increasing random variability of activation within a neural network, leading to less distinctive internal representations of external stimuli. As a result, learning novel combinations of events is slower in older adults and may not reach the same asymptote. It is possible that some age differences that appear to require postulation of recollection and familiarity in a dual-process model of retrieval can be explained simply in terms of reduced distinctiveness of memory representations in older adults (see Malmberg, Zeelenberg, & Shiffrin, 2004 , for an example) or it may be that the effectiveness of retrieval processes is limited by the quality of representations produced during initial study (e.g., Norman & O'Reilly, 2003) . Further empirical and theoretical work is needed to settle these issues.
Implications for Models of Associative Recognition
The ideal outcome of our curve-fitting exercise for associative recognition would have been one clear winner among candidate models. Generally speaking, for the analyses of individual participant data that we have presented, the SON-EV and UVSDT models fared well with the AIC measure, and the SON-EV came in second after the UVSDT model for the BIC measure pretty consistently. Thus, it may seem somewhat surprising that we gave serious consideration to other models in discussing age differences in component processes. We did so because results of fit indices were not wholly consistent for our individual and pooled levels of analyses. Although we have argued that conclusions about models are most appropriately drawn from fitting individual ROC data, most discussions of associative recognition models in the literature have involved fits of pooled data in which models other than the SON-EV and UVSDT have had some success in accounting for the data. In comparing our results with those of other investigators, then, we felt it important to summarize our findings fully. Here, we address some discrepancies and some possible anomalies identified by such comparisons.
We note first that the SON-EV model fit our individual data quite well but that in our analyses of aggregated data (not reported here), the SON-UV model outperformed the SON-EV model. Thus, some version of the SON model seems to do well across the board. We have no good reasons to offer as to why the SON-UV model is a better choice for pooled responses and the SON-EV for individual data. Kelley and Wixted (2001) predicted greater variability for the associative distribution than for the item distribution, but Macho (2004) did not find it necessary to relax the equality constraint to satisfactorily fit ROCs for their data or for that of Yonelinas (1997) for pooled responses. For our individual data, tests of the hypothesis that ASSOC ϭ 1 did not in all cases provide evidence against Macho's claim, and examination of estimates for individual participants in our Experiments 1-3 revealed many values Ͻ 1. We also note that Macho found that the MPTSDT model fit data quite well, and he argued that this model could emulate the SON model. Our analyses at the group level are in accord with this conclusion, but at the individual level, the MPTSDT models made quite a poor showing. Analyses of additional data sets are needed to determine if there are conditions that systematically affect the performance of these models and others not examined here.
It is important to note that models preferred by particular fit indices (i.e., the UVSDT model for the BIC) are not invariably the models that best track the behavioral data when theoretically important variables are manipulated. Pure strength-based familiarity models have difficulty in accounting for the effects of repetition and deadline on associative recognition and on item recognition with similar distractors (e.g., Hintzman & Curran, 1994; Jones & Jacoby, 2001; Light et al., 2004, in press ), and it is widely believed that dual-process models of some ilk are needed to account for associative recognition (Clark & Gronlund, 1996) . For example, dual-process models seem necessary to explain findings of ironic effects of repetition in associative recognition, such as older adults having increased rates of FAs to rearranged lures when study pairs are repeated whereas young adults have constant or reduced rates of FAs to these lures with repetition .
The DP-EV and DP-UV models, too, do not universally yield plausible outcomes. In fitting pooled data from Kelley and Wixted (2001) , Macho (2004) reported that a version of the DP-UV model that fixed R N,WEAK ϭ R N,STRONG ϭ R O,STRONG ϭ 0 was adequate for their Experiments 1-3, suggesting that recall to reject played no role for either strong pairs (presented several times) or weak pairs (presented once) and that recall to accept was used only for weak pairs, a counterintuitive view (see also Quamme et al., 2002 , for a similar result for source memory). In analyses of pooled data not reported here, we too observed R N ϭ 0 for young adult data, though only in Experiment 2. Given that R N values were nontrivial when estimated from the DP-EV model for young adults' pooled data, we suggest that I,R/N and the recollection parameters are capturing similar aspects of the data. In addition, Macho found that the mean of the familiarity distributions for weak rearranged pairs was greater than the mean for strong rearranged pairs, a finding that makes sense in the context of the SON models but that can also be interpreted within the framework of the DP-EV and DP-UV models as familiarity unopposed by recollection. The experiments reported here, though, argue for the importance of R N for pairs studied only once, especially in differentiating young from older adults at the individual level of analysis.
As noted above, Macho (2004) found that setting ASSOC ϭ 1 produced acceptable fits for the SON model, contrary to Kelley and Wixted (2001) , but for our pooled data, this restriction worsened fit. In addition, Macho reported that the mean of the item, but not the associative, distribution increased with pair strength; this is a puzzling outcome, but one assumed by Kelley and Wixted as well. Finally, for strong pairs, Macho found with an MPTSDT model that participants spread their responses over rating categories more for strong than for weak intact pairs, suggesting that it is more difficult for people to decide for strong pairs whether item familiarity or associative familiarity contributes to overall strength of evidence that a test pair was studied. Extrapolating from strength (pair repetition) to age, as noted above, would lead one to expect that young adults would spread their responses more evenly than older adults, but, if anything, the reverse was true. Moreover, in fitting MPTSDT models to pooled data from Light et al. (2004) , we found more spreading of responses for weak than strong pairs and more signs of spreading ratings for older than young adults.
